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Introduction 

Historically,  carbon  steel  and  stainless  steel  instruments  were 
used  for  root  canal  instrumentation.  In  1988,  Walia  and  col- 
leagues introduced  nickel-titanium  (NiTi)  files  to  endodontics^ 
Since  then,  many  NiTi  file  systems  have  been  developed.  Rotary 
NiTi  instruments  have  become  popular  as  they  can  clean  and 
shape  root  canals  with  fewer  procedural  errors  and  more  predicta- 
bility than  stainless  steel  hand  files^.  The  purpose  of  this  clinical 
update  is  to  1)  review  new  developments  in  nickel -titanium  metal- 
lurgy and  their  impact  on  rotary  NiTi  file  systems,  and  2)  discuss 
the  advantages  and  disadvantages  of  using  NiTi  files  in  a  recipro- 
cating motion  versus  a  continuous  rotary  motion. 

Why  is  Nickel-Titanium  More  Flexible? 

NiTi  alloys  are  unique  in  that  applied  stress  (i.e.  bending) 
causes  a  reversible  rearrangement  of  the  nickel  and  titanium  atoms 
at  the  molecular  level^.  A  new  endodontic  file  is  composed  of 
nickel  and  titanium  atoms  arranged  in  a  body-centered  cubic  lat- 
tice structure  called  the  austenite  phase.  When  this  file  is  placed 
in  a  curved  canal,  the  atoms  rearrange  into  a  closely-packed  hex- 
agonal array  and  the  alloy  is  transformed  into  the  more  flexible 
martensite  crystal  structure.  This  molecular  transition  enables 
these  files  to  bend  easily  and  around  severe  curves  without  perma- 
nent deformation.  When  the  stress  is  removed,  the  alloy  reverts 
back  to  its  initial  austenite  form.  This  stress-induced  martensitic 
transformation  is  a  unique  property  of  NiTi  alloys  and  makes  this 
material  one  of  the  few  alloys  suitable  for  use  in  rotary  endodontic 
instruments^'*. 

Advances  in  Nickel-Titanium  Metallurgy 

In  the  last  several  years,  new  forms  of  NiTi  have  been  created 
by  heating  the  alloy  during  the  manufacturing  process,  resulting  in 
a  combination  of  he  at- treatment  and  hardening 

1.  M-wire  NiTi  was  developed  by  Dentsply  Tulsa  Dental  Spe- 
cialties (Tulsa,  OK,  USA)  using  a  proprietary  thermal  cycling 
process.  The  manufacturer  claims  this  material  has  greater 
flexibility  and  an  increased  resistance  to  cyclic  fatigue  when 
compared  to  traditional  NiTi  alloys.  Three  file  systems  fabri- 
cated from  M-wire  NiTi  are  the  ProFile  Vortex,  GT  Series  X 
and  PROTAPER  NEXT  files. 

2.  R-phase  NiTi  is  a  rhombohedral  crystal  structure  that  can  be 
formed  during  the  martensite-austenite  or  austenite-martensite 
transition.  SybronEndo  (Orange,  CA,  USA)  developed  files 
that  contain  this  crystal  structure  through  a  patented  process 
of  heating  the  NiTi,  twisting  the  intermediate  alloy,  then  far- 
ther heat-treating  the  material  to  produce  the  final  product. 
Twisted  Files  (TF)  and  K3XF  files  are  based  on  R-phase  NiTi 
technology,  and  the  manufacturer  claims  the  files  have  re- 
duced stiffness  and  more  fracture  resistance  compared  to 
standard  NiTi  files. 


3.  ControUed-Memory  (CM)  NiTi  refers  to  alloys  where  manufac- 
turers use  proprietary  processing  to  reduce  the  shape-memory 
normally  characteristic  of  NiTi  files.  This  allows  the  instruments 
to  be  pre-curved  prior  to  placing  them  into  the  root  canal.  Steri- 
lization of  the  files  will  return  them  to  their  original  shape.  CM 
NiTi  file  systems  available  include  Hyflex  CM  (Coltene 
Whaledent,  Cuyahoga  Falls,  OH,  USA),  Typhoon  CM  (Clini- 
cian's Choice  Dental  Products,  New  Milford,  CT,  USA)  and 
ProFile  Vortex  Blue  (Dentsply  Tulsa  Dental  Specialties).  Manu- 
facturers claim  these  files  have  superior  cyclic  fatigue  resistance 
and  increased  torque  strength  over  traditional  NiTi  files. 

New  Files  with  Improved  Physical  Properties 

Research  has  demonstrated  that  all  three  new  forms  of  NiTi  con- 
tain the  martensite  crystal  structure  at  room  temperature  without  ap- 
plied stress"*'^.  Since  the  martensite  phase  is  more  elastic  and  ductile 
than  the  stronger,  harder  austenite  phase,  this  compositional  change 
gives  these  new  file  systems  physical  properties  better  suited  for  pre- 
paring root  canals  than  previous  rotary  NiTi  files. 

Numerous  research  studies  have  supported  these  claims  by  file 
manufacturers.  To  assess  cyclic  fatigue  resistance,  files  are  rotated  in 
simulated  root  canals  until  fracture;  to  assess  flexibility,  they  are 
clamped  near  the  tip  and  the  force  required  to  produce  a  45°  bend  is 
measured.  These  tests  have  been  conducted  by  different  research 
groups  using  GT  Series  X,  ProFile  Vortex,  CM-wire,  HyFlex  CM, 
and  ProFile  Vortex  Blue  files.  The  results  have  indicated  that  these 
new  NiTi  files  have  significantly  greater  cyclic  fatigue  resistance  and 
flexibility  than  their  counterparts  made  from  traditional  NiTi^"'".  Oth- 
er studies  have  demonstrated  that  the  centering  ability  is  improved 
and  transportation  is  reduced  when  using  ProFile  Vortex  and  generic 
M-wire  samples".  Since  heat-treatment  affects  the  physical  proper- 
ties of  NiTi  alloys,  autoclaving  could  modify  their  physical  proper- 
ties; however,  up  to  seven  sterilization  cycles  have  not  significantly 
impacted  the  flexibility  or  fracture  resistance  of  M-wire  (ProFile  Vor- 
tex), R-phase  (TF)  or  CM-wire  NiTi  instruments'^. 

Reciprocating  Files 

Most  NiTi  files  are  rotated  continuously  during  instrumentation. 
While  this  effectively  prepares  the  canal,  it  can  lead  to  cyclic  fatigue 
and  instrument  fracture.  To  decrease  this  risk,  files  have  been  de- 
signed for  use  in  a  reciprocating  motion,  turning  a  specific  distance 
clockwise,  then  rotating  counter-clockwise.  The  clockwise  and  coun- 
terclockwise rotations  are  usually  not  equivalent,  so  the  file  advances 
through  a  partial  clockwise  rotation  with  each  reciprocation  cycle. 
Manufacturers  have  also  developed  handpiece  motors  with  settings 
specific  to  their  file  systems  to  use  with  these  reciprocating  files. 

Research  on  Reciprocating  Files 

Numerous  articles  have  been  published  evaluating  the  physical 
properties  of  reciprocating  files.  Most  studies  compare  file  systems 
designed  for  reciprocal  motion  (WaveOne,  Dentsply  Maillefer,  Tulsa, 
OK,  USA;  Reciproc,  Munich,  Germany),  or  compare  one  of  these  sys- 
tems to  traditional  NiTi  files  used  in  a  reciprocating  motion.  Using 


the  same  methodology  described  previously  for  determining  cycUc 
fatigue  resistance  and  flexibility,  files  used  in  a  reciprocating  mo- 
tion demonstrated  significantly  greater  cyclic  fatigue  resistance 
relative  to  files  used  in  continuous  rotation^^"'^.  In  theory,  this  is 
desirable  and  should  decrease  the  risk  of  an  instrument  fracturing 
during  instrumentation. 

Literature  on  the  use  of  reciprocating  files  has  not  demon- 
strated consensus.  Berutti  and  colleagues  suggested  that  the 
WaveOne  reciprocating  file  system  maintained  canal  curvatures 
better  than  ProTaper  files  used  in  continuous  rotation'*,  while 
Burklein  and  colleagues  suggested  no  significant  difference  using 
the  same  file  systems'^.  It  is  important  to  note  that  Berutti's  group 
used  endodontic  training  blocks  (plastic)  while  Biirklein's  group 
used  extracted  human  teeth.  Thus,  the  results  from  the  latter  study 
may  better  represent  clinical  conditions.  Stern  and  colleagues  also 
noted  no  significant  difference  in  canal  position  and  shaping  when 
using  files  in  continuous  rotation  or  reciprocation.'^  Another  study 
by  Biirklein's  group  suggested  that  files  used  in  reciprocation 
were  faster  than  those  used  in  continuous  motion,'^  while  Franco 
and  colleagues  suggested  they  could  be  more  time  consuming^*^. 
Other  research  has  indicated  that  reciprocating  files  decrease 
working  length  (by  straightening  the  canal)  and  extrude  more  de- 
bris apically  than  files  used  in  continuous  rotation'^'^'. 

Conclusions 

Recent  advancements  in  the  manufacturing  process  of  NiTi 
alloys  have  allowed  for  the  development  of  rotary  endodontic  file 
systems  that  are  more  flexible,  less  likely  to  fracture  and  more  ca- 
pable of  maintaining  the  original  canal  position  than  their  prede- 
cessors. These  instruments  have  great  clinical  potential  and  can 
be  used  in  lieu  of  older  file  systems,  keeping  in  mind  that  it  is  im- 
portant to  always  use  files  in  the  sequence  and  at  the  torque  and 
RPM  settings  recommended  by  the  manufacturer. 

While  reciprocating  files  have  the  potential  to  advance  endo- 
dontic instrumentation,  research  to  date  has  not  indicated  they  are 
superior  to  files  used  in  continuous  rotation.  Consequently,  they 
cannot  be  recommended  over  traditional  file  systems  at  this  time. 
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